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THETIMELAGANDINTERVALOFDISCHARGEWITH

A SPRINGACTUATEDFUELI?JJECTIOITPUMP.

ByRobertsonMatthewsandA.W. Gardiner.

Thispaperdealswithsomeresearchon a springac~ated

.._._ .

.—

—

fuelpumpforsolidOr airless injectionwithsmall,highspeed

internalcombustionengines.Thepumpcharacteristicsunder

investigationwere: —.-

(1) Theintervalof fuelinjectioninteqnsofdegrees _

of cranktravelandinabsolutetime.

(2) Thelagbetyeenthetimetheinjectionpumpplunger -.
beginsitsstrokeandtheappearanceof the~et

at theorifice.

(3) Themannerinwhichthefuelspraybuildsup toa

maximrnwhenthefuelvalveisopened,and.then

diminishes.

EquipmentandPrOcedure.

Theequipmentconsistedof (1)a vertical,singlecylinder,:

4-strokecycleenginewhichwasmotoredoverduringtheruns; “

(2)a springactuatedplungerpump,with7/32in.diameterlapped.

plunger,suppliedwithgasoilby a gearPrimarYPumP;’(3)an

injectionnozzle.
“v

Theinjectionpumpplungerwasactuatedduringthedischarge
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strokeby a h~%’ycoilspring.Thespring,enclosedina guide, .-..
waspreviouslycompressedby meansof spZralcamactingthrougha

-.
followerandrockerarm. Thecam‘hada raciialdrop. Thedis-
chargestroke

anadjustable

thefollowing

beganwhenthefolloweron thecaq’cametothisdrop;.
—-.

stopcontrolledthelengthofplungerstzoke,Hence.—..
dataareforan injectionpumpalwayshavingthe

samemaximmpressurebehindtheplungerat thebeginning.ofeach’

stroke,butwithdiminishingpressureaslengthof stroke(andof
# .-.—

spring)increased.Theeffortexertedby thespringat theend
n oftheplungerstrokecoulddecreaseasmuchas10 to20$,depend-——

inguponthelengthofplungerstrokeused. (Seecalibration
curveofpumpplungerspring.)Thuswitha springact&.te&pu@- ‘-

thespeedofplungerduringitsdischargestrokeis independent
-.

ofenginespeed.

Sincetheinjectionpumpre~latedthequanti~y’-offuelfor “-
.-

.-
=ch shot,themozzlewasdesigned.toopenautomaticallyundera

, ‘g’ivenOilpressureatwhichthespringon thenozz~e=alvestemwas

set. Runswere”madeat ~ring Settingsas 3.OWas 2200Ibs.and4 .
ashighas 5000-~bs.p= squareinch,Thesesettin’@w~e

.
witha different-springin eachcase..Thefollowirq$sable

-tothespringsused: ., ,L-.,’

~essuretoliftvalve”Dia.wire Outsidedia- ~;mbixc

obtained

refers._

—

of free
.inspring ,coils coils. . .. —_,

2200t .Q80@ 0.50.in+ 3 1/2 —
,.

A 3200f .. .106 0.50in. 2 1/2-*
!5000? .106 0.51in. 1 1/2

1
i.
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methodofopening
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ofOilfilmunder

va;ve,maydiffer
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requiredtoliftthenozzlevalvewasdetermined

mathine. The* signsareaddedbecausethis

andseatinga yalveisnotcomparablewiththe

closingin actualservicewherethethickness .

the~lve,andhencetheeaseinopeningthe

fromwhatobtainswiththeS1OW operationof the

heavierspringswezeimperfectinthattheaxis

ofthecoilswasnota straightline.As a resultof thisand
* sincethespringguideclearancewassuchas topermitpossible

J sidethrustonvalvestem,thefrictionof thevalvestemmaynot

havebeenthesameforallthree~pr~ngs.However,thevalvestem

sleeve was of suchlengthas tominimizebinding.

Thenozzlehada

diametersweretried:

Thenozzlevalveseat

singlesmallorifice.Fourdifferentorifice.
0.012in.,0.014in.,0.018in.,and0.022in

wasclosetotheorifice.Hencetherewasbut

littlefuelbetweenseatandorifice.

Thetabulateddatawereobtainedfrompaper“targets.([These
●

consistedof stripsof softpapercuttothecurvatureof theside
k

of theflywheelrim;

allowedtodryonly

andattachedtheretowithshellac,whichwas

sufficientlytoholdthepaperagainstthecen-

trifugalforceof itsownmass. Thenozzlewasfirmlyattachedto..
theengineframein sucha mannerthattheorificefacedandwas

buta smallf~actionofaninchfromthepaper,andlayina vertt-

calplanethroughthecrankpinpositionwhenattopdeadcenter.-
Tliedischarge,

.
therefore,lefta patternon thepaperas thefly-\

wheelrimrotatedpastthenozzle.
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Thesepatternsrepresentactildisc~~~ conditionswithE?n-

gineunderpowerexceptthattherewasmorefueltobe compressed=__

becausethisnozzlelocationrequireda longerfuellinebetween. _

nozzleandpump. Therewas,besides,a slightlagbetweenthet~m~.-
of theappearanceof thejetat theorificeanditscontactwith _

thePaper,dueto thegapwhichthesprayhadtocross.:By making
,’

thisgapunder3/16inch,theerrorinreadingson thetargetdue....-
tothislag,wasmadesmallerthantheerrorexperiencedindete~-

● miningthepreciselimitsof thepatternon thetarget. —.—

A ~ consistedinfirstmotoringtheengineat thedesired -—
speedandadjustingthepumpstroke,Dur’ifigthistime,thespray

waskeptfromhittingthepapertargetby meansofa sheetiI?Onde-

fleCtOr*ThedeflectorwasWddenlywithdrawnforan intervalof ,

from3 to10 seconds,dependingon strengtho.fspray,andagainre-.—
placed.Thetrailof thesprayon thepapertargetwasmeasuredin

terms’ofdegreeso.fcrankmovementwithrespecttoT.D.C.(topdead
,-

center)t
,

Mostof thetargetswerewellmarkedby a distinc%.cutting.
1

Withthelargersizedorificegthepaperwasoftencutclear.th~ough.

Forotherthantheheaviestportionsof thedis~harge,”thesurface

of thepaperwasusuallyfurred;theclearnessof thefurring”de- .:_

pendeduponthenumberofdischargesagainstthepape~j-the-sizeof——
theorifice,and theva-riationin thedischargeduringtheinterval,-.
%fhilethebeginningof impactwasusuallywelldefined,thee~act—
terminatio~of thefurring

L
ordertomakethereadings

upancleanpaperwasOftenvague+ln

moredefinite.thepaperwasrubbedwith__
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jrite2pretatiQnof Data.
.—

In theabsenceofphotographicrticordsof thepatter~lsmade-by—
thespray,nodefiniteinformationcanbepresentedof the~ateof

—
.—

build-upanddeclineof thedischarge.Thetargetsshowed,ingen-

eral,a shortllbuildupllperiodof thejet; thena suddenblast

whenthenozzlevalvereacheditsmaxi~mlift,followedby a more

or lessconstantrateofdischarge,afterwhichfollowedan interval
* ofreducingflowwhilethenozzlevalvewasseating,Difficulties

of interpretingthepatternsalwayslaywithtlie’trailingend. ..
An intervaloffrom4 to10°ofcranktravelwassufficientfor”-the”–

.—

dischargetobecomeintense,

Asmightbe expectedfroma springactuatedpump,thesmaller

theorifice,themorenearlydidthetargets~hcwa periodof some:
.

whatuniformdischarge,Thevariationintherate.ofdischarge,--

as shownbyallthepatterns,madeclearthefutilityofat~empting

toassumeevenapproximatelycorrectvaluesfordischargecoeffici--,
entsforsuchinterrupt~flow,orofplacingreliant’eondetermi-, —--—_
nationsbasedon thehydraulicequationv=J2gh. Actualchange

intherateofdischargeduringeachpumpcyclecouldhavebeende-

terminedonlyby collectingandweighingthedischargeforequal
...

incrementsof cranktravel.Apparatusforsuchdeterminationswas

nota% thetimeavailable~andhenceno attemptshavebeenmadeto

deducedischarge

Wherethere

resultsfrom“the

coefficientsfromthetabulateddata.

ismorethana degreeor twoofdifferencebetween

sameconditions,itmaybe attributedtoa diffes-



enceindecisionas towhethera furredportionof thepattern.Or__

what appearedasonlya wettedportionof thepattern,indicated~_

tuuelimitof thedischargeinterval.ThusthepatternmayWpear _

longerthanthetrueimpact interval heca.useof comeflowof the

fluidaftezimpact.Further,a weaktrailingedgemaytakemany——
shotstoshowa patternas comparedwithfewrequiredforthe

heavyportionof thedischarge.

g.
. Thevariationinthelagof thejetafterbeginningof

stroke,asdeducedfromTable11,shows:

(1) Fora givenstrokeandorifice,thelagincreases

fuelpressureinnearlyeverycase.Thiswouldbe expected

plugger

with ._

be-

causeof thegreateramountof compressionof thefuelandelastic-

ityof theinjectionsystembeforethenozzlevalveyieldedto the

injectionpressure.

(2) Fora givenstrokeandpressure,thelagincreaseswith

increaseinsizeoforificein sixoutofnineof thegroupsof,
data.Thismaybe duetothepressureinthelinebetweenthepump

dischargevalveandthenozzlevalvedroppingto a lowerpressure

duringdischargebecauseof lessresistancethroughtheorifice. _,
.

Henceon nexkinjectionmoreof theplungerstrokewouldbeused

in-restoringthepressureandovercomingelasticityinline. --
- (3) Fora givenpressureandorifice,thedataisnotsuffic-

ientlyconclusivetomakedeductionson thechangeinthelagwith

the-stroke.
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DischargeInterval.

Thevariationindischargeintervalwithpressure,strokeand

o~ifice,asdeducedfromTable111,shows:

(1) Fora given

creaseswithpressure

(2)
decreases

(3)

increases

Timingof

Fora given

strokeandorificet“uedisrhargeintexvalde-

in sevenoutofninegrodpsof data. ...._.,-.
strokeandpressure~hedischargeinterval

withincreaseinorifice.

Fora givenpressureandorifice

withstrokein eightoutof nine

Injection.

thedischargeinterval

groupsofdata. -—

Exceptforruns79,80and81,allthetargetsweremadeat

1600R.P.M.andwiththeplungerstrokebeginning92°beforeT.D.C-—
Witha lagof20 to25°,thesprayappearsatabout70°beforeT.D.C*

Thisearlyinjectionwouldappeartoinviteprei~itionifapplied. .—.—.
toactualoperation.Butat 1600R.P*M.,70°ofcranktravelisa

briefperiod.AISOthetimeat whichignitionoccurs,withcom-
\

pressionignition,dependsnotaloneon wheninjectionbeginsbut

on whensufficientfuelhasvaporizedto createa combustiblemix-

tureat thenecessarycompressionpressureandtemperature.Inac-

tualoperationpumpcamsettingas earlyas92°beforeT.D.C.was

foundnecessarywiththesmaller nozzles.

Insofaras theinjectionsystemis concerned,thetimeof I

injectionwilldependon (1)thedegreeof atomization;(2)rateof.-
fueldischarge;and (3) distribution.

4
Theactualtimingofinjectionisgovernedby thetendencyto
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preignitionon theonehandandlateburning and low M.E,P.onthe

other.Itfollowsthattheavailabletimeforfuelevaporationis.—
a fundamentalconsiderationin obtainingreasonablecapacitywith—
compressionignition.Hence,besidesshowinghowlonginjection

OCCUrS ‘thedatahasbeenextended,by cal~lations,to showthe

tillleavailablefortheevap~ra~i~nof thefirstandlastportions

of thefuelthatentertbecylinderpercycle.Asan extremelim-

itit wasarbitrarilychosenthatau thefuelshouldbe injected

andvaporizedby thetimethecrankis40°pastT.D.C.

Littleisknownofthetimenecessary forthevaporizationof

thefuel. Evenwhenmostfinelydividedsomeintervalmustelapse

betweentheentranceof thefuelanditscompletevaporization-

Sinceallthefuelcannotbe injectedinstantaneously,injection

atthespeedsof~i.rplaneengines(1600to2200
r

earlyinorderto getcapacity.Buthowearly?

forresearchon therateoffuelvaporization-

R.P.M.)mustbegin

Theanswercalls

Uponthatresearch,—
ratherthanuponthetri~ of mechanicaldeviceszmaydependthe\
determinationof theattainableR.P.McandLLE-P*ofhighsPe~ -_

enginesrunningon compressionignition.

“*
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lmet~l

Fue 1

Pre8E

of orifice ,C

Pump
Strok(

1/6

1/8
3/16
3/16
1/4

1/4
5/16
5/16

l/~

1/8
3/16
3/16

3/16

1/4

1/4
1/4

5/16

5/16
5/16

: 5/16

1111 i!

Beginn-
ing
of Pat
tern.

Lag

B&i?

20

22
20
20
21

22
21
21

23

2
2z
22

24

22

;;

26

23
2
22

TABLE I.

Injection
Interval

;rank
iegxee

6E!

66
108

i
10
12

125
150
150

45

45
89
78

76

loi3

104
103

104

11
12z
1,24

Seo-
onds

,00702

,00687
,0113
,0112
,0129

.0130
,0156
,0156

.oo46~

,0046~
.0092$
*00s13.,.-
*00792

.0113

,0108
,9107

sOlog

.Ollg
,0129
.0129

Time for fue:

to va]

First
Part

,0117

.Onp

.0117
,0117
,0116

::::2
.0116

.0114

.0114

.0113
,0115

,0113

.0115

.0114
● 0114

.0110

,0114
.0111
● oll~

Driza,

Last
Part

.00462

,odk63
.0004
,0005
-.0013

-,0015
-,0040
-.0040

.00671

,0(%71
,00201
,00337

,0033E!

,0002

,0006
,0007

.0002

-,0004
-,0!21?!
-,0016

,

w
I. . .,

. . ... . .

R,P,Iit,1600 “.>

REMARKS.

:1’,,

Heavy for 12°, light portion at 25°
from beginning,

?
Light for last half of pattern,
Rapidly diminishingpattern for last 15!
Graduallighteningbutdefinitetra~l-
ingen~,

Definite trailing end.

Light near middle, then heavier until
near end,

Similar to N0,59.
Evidence of nozzle W.ve fluttering.
Target of harder paper, required more
shots to out paper.

Abrupt start and finieh, fairly even
~attern,

10 to heaviest pattern, heavy for 40°,
light for last 55°,

Light for 6°afterfirst30°,light
forlaat25°.

‘e~~ ~~r&~&~O~;~~~ght~til within
violenceofnozzlevalvefluttering,
(Pto heaviestpattern, heavy for 600i
i~htforlast45°.
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TABLE I (Contd,) I

Diameter of orifice .012 for runs 21 to 26:
tl

No, Fuel
of PreOs
run

21 5ooM_

22

23

2+
25

26

27 2200~
2$
.29
30
31
32

II II ,014 II

Begin-
Pump ni~g
Stroke of Pat

tern,

3/16 65

3/16 66

1/4 62

1/4 62
5/16 63

5/16 62

;$;: ;{
1/4 65
1/4 63
5/16 71
5/16 71

I

Lag
of

Spray

V 27 ‘I32,
R,P,M, 16oo——

Injection Time for fuel

27

26

jo

30
29

30

g

%
21
21

Inte
Ckank
fiegree

%=K-w%%-l

*
,00573 ,0110 ,00527

,00813 ,0106 ,00247

.00813.0106 ,00247
,0102 ,0107 .0005

,0101 .0106 ,ooo~

1
,00928,0110 *0018”2
● 009 $ ,0111

z
,00172

,011 .0109 ,0005
● 010

i
,0107 *0000

,012 ,0116-,ooot3
,01y ,0116 .0022

! r

REMARKS,

Heavy for 2/3 pattern, ashed for llC
beyond recorded measurement,

Washed for 12° beyond reoorded meas-
urement,

5° before heaviest pattern, heavy to
within 15° of trailing end,

.5°toheaviestpattern,heavyfor2/:
pattern,gradullyd~m~nishin~pat-
tern,

Lightforlast25°.

Light pattern at middle,
Heavy for first 70°,
Well defined trailing end,
Heavy for first 70°, target too ehort,
Heavy for first 70°,
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No,
of
ruI

5

!-?
45
46
—

meter

lmel
Prees

3200~

of Ori

Pump
Bt~oke

3/16

;\;;

3/16

1/4
1/4
1/4
1/4
1/4
1/4
l/l\
1/4
5/16
5/16

ice ,014

3egin- Lag
ning of
]f Pat- Spray
tern,

-@i-t-T

63 29
63 29
63 29

I

TABLE I (Contdt)

Injection I

ends

.CI0667

:%: i
,w646

,006!6
.00740
,00730
,00635
,00760
:~~;:

.00709

.Ollg

.0116

Time for fuel
to Val
First
Part

*0108

,0107
,0107
.0107

,0107
.0105
,0107
*O1OL3
.0113
.0110
*0113
.0110
,0106
.0104

mize,
Last
Part

.00403

,00 61
a,0 66

,00424

,00424
,00310
,00 40

?4*~ 5
,00370

8
.00 0
,00 2
,00391”
-,00120
.,00120

R,P,M, 1600

REMARKS.

Began coating targets with dry gra]
ite to give better definition of
trailing end.

Target waehed for 30° beyond reoorl
measure with i.ndicationof flutte:
in this period, (j

Discharge interrupted for shout 1

Splashes of 20° wi@ 2° jtip,

Pattern light for last 33°.

I 1 I
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TABLE I (Con’td,)

!1

?w1
?Xe s :troke

3/16

3/16
1/4

1/4
5/16

5/16

l/$
l/~
1J8
3/16

3/16
3/I.6
1/4

1/4

5/16

5/16

egin-
ning
f..E’at-
tern

6Q

%

61
57

56

77
70

$

70
70
66

66

67

66

Lag

@:.&

~

;;

31
35 “

36

15
22
22
21

22
22
26

26

25

26

Injection
Inte

;rank
.egree

--R--
43
75

{?3

79

;;

f;

46
45
55

55

53

54

val
Sec-
onds

m

,00448
,00761

.00781
,OOFJ3

,o08z4

,00312
,00240
,00229
,00510

a00479
,00469
,00573

.00573

,00552

,00562

?imefor fuel

,0104

,010
,010?

,0105
,0101

,0100

,0122
,0105
,Oi05
,0106

,0105
.0105
,0110

,0110

.0111

,0110

:ize,
Ja6 t

?= t

,00561

,005$32
.00259

,0026,9
.00197

,00176

,00908
,Ooao
,(IOE!21
,00550

:gg~e:

,00527

,00527

.00558

.00538

R.P.M. 1600

REMARKS,

$0 before heaviest pattern, heavy ~or
2/5 of pattern, light for laat 3 ,

Similarto No, 47,
5° before heaviest pattern, heavy for
3/5 of pattern, light for last 10°,

Similar to No. 49,
5° before heaviest pattern, heavy for
1/2 pattern, abrupt stop tp trail-
ing end.

Hea+ foz 1/2 pattern, fairly heavy to
within 5° of trailing end,

Out throughpapez for 4° at middle.
Distinct rebound.
Distinot rebound,
Heavy for 1/2 pattern, rapidly dimin-
ishing pattern,

Similar to No, 61,

6° to heaviest pattern, fitrrpat mid-
dle, gradually diminitiingpattern,

Evidence of flutter near middle of

6op~~t%~viest discharge, 10° hea~
pattern, paper cut through for 8 ,
then light portion, heavy portion
‘and short diminishingpattern.

Cut through paper and shellac whre
I hgavy, g.iminishingpattern for

last 10 .
I;1 I

!,1,
.1 ,i I
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-D
No
of
rul

G

64

65

;;

69

70

71

72

73

74

75

76

77

7$

.mtuz

Fuel
Pres[

3200

5om

Stroke

1/8

3/16

3/16
1/4
1/4
5/16

5/16

1/8

l/E

3/16

3/16

1/4

1/4

5/16

5/16

5/16

iou
3egin-
ning
)f Pat.
tern

65

61

63
63

%

59

59‘

61

52

52

m

50

61

51”

51

Lag
of
Spra

y

31

29
29
31
32

33

33

31

40

40

41

42

31

41

41

TABLE I (Contd.)

Injection ]Time for fuel

50

2g

28

2;
33

30

26

22

20

23

29

28

53

42

43

val
-S&5=
ends

.0052(

.0029:

s0029E
.Oofl:

:%8

,00312

,00271

,00225

.002W

.002!C

.0030.2

,00292

,00552

,00437

,00448

to wa {

3

hirst
Part

,0109

,0105

*0107
,0107
,0104
,0104

,0103

,0103

,0105

,Oogbf$

.oo95t3

● 00940

,oo93t3

,0105

,00g46~

,00944~

cize,
ZiE%---
?art

,Ooflo

.007@

.00778

.00758
,00759
.00696

,Oqm

,00759

.0CM21

.00750

hoo7M3

,00644

,00646

.00498

,00509

,oo49f3

__--aJ?&_L6Q

REMARKS,

Difficult to detect limits of pattern,
evidence of fluttering.

Heaviest cut in pa~tern after about
6° and before 18 ,

Light for last 6°,

6° to heaviest patt~rn, cut through
paper to within 4 of end,

Difficult to detect limits of dis-
charges.

Difficult to detect limits of dis-
charge13.

Washed for 8° before recorded measure-
ment then 4° to heaviestpatl&n,
then out through to within 5 of en~

Washed for 8° before recorded measure-
ment,

3° to heaviest pattern, paper cut
through to within 7° of end.

WashedFor5°before-recordedmeasure-
ment,

10° to heaviest pattern, out through
for 20°, gradually diminishing
pattern,

Tar et washed for 10° before recorded
‘&m asurement,

0 after start
‘a%~r48u&e~~~~u~~df~?mp~ttern.

I .,
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TABLE I (Cantd,)

I

Diameter of orifice ,02
—

No,
of
rur

79

go
81
/32
ff3
—

1.

2,

39

4,

+T=
Begin-

Fuel Pump ning
Press Stroke of Pat-

tern

2200~ 1/4 48

1

[

1/4
1/4 $;

3200t 1/4
1/4 55

R.P.M, 1700 for run 79
II 1400 II “ $0 & ~1I II 1600 ‘I “ 132& 83

Lag Injecti.on Time for fuel
of Interval to vaporize,
Spray Crank Seo- Firat Last REMARKS,

degree ond~ Part Part

28 46 .00479 ,00916 ,00437 Discharge heavy for first 20°, appar
ent fluttering of nozzle v~ve,
Pump etroke began 76° ‘bef!fxeT.D,C.

24 43
in runs Nos, 79, 80, 81,

400448,00957● 00509 D~6chargeheavyforf~rBt20°,
24 42 ,oo43g,00957.’Ooy

z
Dischargeheavyforfirst20°,

15 ,00156.0101 .0065 P~p stroke began 92° befqre T,D,C.
% 15 ,00156 ,00989 ,oog33 Duplicated No, 4.

Fluttering of nozzle valve Gternon its seat ie shown on target by alternate heavy and light
portions of pattern in rapid,succession during diecharge interval.

Where a minus sign occurs before a value of the v~porizationperiod, it indicates that injec
tion continues beyond the arbitrarily chosen 40 limit,

The fuel used was Diesel Engine Oil (es oil) with a specific gravity of ,858ali600F,-

An idea of the small quantity of fuel dischargedper oycle, (with
gained from following tabulation,

Dia,~pump plunger = 7/32 in,
stroke / /6 /4
Volume of fuel. u,in, ,:0:7 ,:0;05 *:094

phere, in, .224 ,256 ,282
1, I 1

Diam. of equiv,

slip of pump :.0).may be

-577J”

,@’
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TABLE 111.
5

Variation of Discharge Interval with pressure and Diameter of Orifioei I.
Pump stroke 3/16 in. 1600 R,P,M. for en@ne: 800 R,P.M, for PUW. _.

Orifioe

Run

Interval

Orifice

Run

Intervsl

Orifice

1

Interval

PRESSURE

2200 3200 5000

,012 *014 .018 .012:’ .014 ,018 .012 ,014

3,4 27,28 56,57,5tf 11,12,13 33,36>34 64,65 21,22 47,4g

107,108 89,90 4g,46,45 89,78,76 65,62,68 2t3 55 46>43

Pump stroke 1/4 in. 1600R.P.MVforen@e: @30R,P.M. for pwpg

,012 ,014 ,018 *012 “.014 ,018 .012 ● 014

5,6 29,30‘ 59,60 16,15,14 40,kl 66,67 23,24 49,50

124,125 109,103 55 103,104,UM 61,73 30,27 7’L? 75

Pump Gtroke 5/16 in. 16OO R,P.M, for engine: ?!00R.P.M. for pump,

.012

7,g

150

,014 #018 ,012 .014

31,32 61,62 17,19 45,46

119,132 53>54 ldl,124 113,111

,

-L
,018 ,012 ,014

6~,69 25,26 51,52

33,30 98,97 78,79

,018

72,73

20,23

, OM

?“4>75

29,2g

, ON3

76,77

53>42

I
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TABLE 11,

Variation in Lag with pressure and Di~eter of Orifice.

Pump stroke 3/16 in, 16OO R,P,M, for engine: 800 R,P.M. for PUW, _

PRESSURE
1

2200

Orifice .012 ,014

Run 3,4 27,2g

Lag 20 25

Pump stroke

Orifice .012 ,014
.

Run 5,6 29,30

Lag 21,22 27,29

3200 5000

,018 ,012 .014 .018 .012 .014

56,57,58 11,12,13 33-36 64,65 21,22 47,4~

21>22 24,22 28,29 31,29 27,26 32,33

14in, 16OOR.P.M,forengine:~00R.P.M.forp-,

i’olel ,012 ,014 .018 .012 ,014

59,60 -14,15,16 37-44 66,67 23,24 49,50

26 22,23 31-2! 29,31 30 32,31

I Punipstroke 5116 in. 16OO R,P,M, for engine; 800 R.P.M. for PUWI

Orifice .012

Run 7,8

Z.._-k_

,014 ,Olg .012 ,014 ,018 .012 ,014

31,32 61,62 17-20 45,46 68,69 25,26 51,52

21 25,26 26-23 30,32 32,33 29,30 35>36

1,

:; I

‘I;i : , ::

,018

72,73

40

,018

74>75

4,42

,Olg

76,77,7[

31,41
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